where the indices refer to interactions among molecules (mm), the interaction between the molecules and the confining substrates (ms), and molecule-cylinder interactions (mc). Assuming pairwise additive interactions in the LC fluid
The interaction potential ϕ mm is split into an isotropic and an anisotropic contribution according to
where r ij = |r ij |. We take the isotropic part of the molecule-molecule interaction potential to be given by the Lennard-Jones potential function
where ε is the depth of the attractive well and σ is the van der Waals radius of a spherical reference molecule.
Following [1] we write
where the anisotropy function is given by
2 − 1 is the second Legendre polynomial,r ij = r ij /r ij , and ε 1 and ε 2 are (dimensionless) anisotropy parameters. We take 2ε 1 = −ε 2 = 0.08 throughout this work. The molecules can be described as ellipsoids of revolution with an aspect ratio of 1.26 (see, for example, Fig. 1 
of Ref. 2).
The first summand on the right side of Eq. (6) corresponds to the well-known Maier-Saupe term [3] ; the other two are corrections describing the orientational dependence of ϕ anis with increased sophistication. This model is capable of forming a nematic phase in a physically realistic fashion [1, 4] .
Control over the global nematic director can be achieved by placing the LC fluid between planar, specially prepared solid substrates that serve to anchor molecules at their surfaces in a desired way. Experimentally, this can be achieved either by mechanical means (e.g., rubbing or polishing), deposition of chemical substances on the pristine substrate, or external fields such as, for example, UV [5] or laser light [6] or by exposing the LC to flow [7] . A mathematical "device" that mimics these specially prepared surfaces is the so-called anchoring function g that discriminates energetically between desirable and undesirable orientations of a molecule relative to the substrate plane. In our model, we express Φ ms in Eq. (1) as
assuming that each solid substrate consists of a monolayer of N atoms. The substrate atoms are located at positions S = {s 1 , s 2 , . . . , s 2N }, r ij = |r i − s j |, and
The atoms in the substrates form two monolayers in registry with each other using the (100) face of a facecentered cubic (fcc) lattice. The fcc (100) structure is characterized by a lattice constant L/σ = 3 √ 4 such that the areal density of the solid monolayers corresponds to ρ s = 2/L 2 . Throughout this work we take the distance s z between both substrate planes to be equal to 20σ.
We choose a homeotropic anchoring parallel to the zaxis
whereû z is the versor of the z-axis. From Eq. (8) and (9) one realizes that the attractive interaction between a molecule and a substrate atom is switched off ifû i ⊥û z whereas it is fully switched on ifû i û z . Notice that Eq. 9 is invariant upon replacingû i by −û i to comply with the head tail symmetry of the molecules [see Eq. 6].
A cylindrical pillar with a chemically homogeneous surface is located perpendicular to the solid substrates and spans the entire distance between the two substrates. Experimentally, this can be compared to a setup where the cylindrical pillar is part of the cast prepared using soft lithography [8] . We write the molecule-cylinder interaction as
where r 0 = 4σ is the hard-core radius of the cylindrical pillar. To model the molecule-cylinder interaction we adopt the potential function
Supplementary Figure 1 . Schematic sketch of the domains considered for the theoretical calculations. We idealize the microfluidic channel as a spherical environment subject to a pressure drop. The system is divided into three domains: a cavitation bubble (light orange, radius rc); a thin spherical shell where the nematic director is homeotropically aligned to the surface of the bubble (cyan, thickness r d − rc); and a 'mean-field' region where the nematic fluid is only slightly perturbed by the presence of cavitation (blue, thickness rL − r d ).
where r i = |r i | andr i = r i /r i . The term r i −r 0 represents the distance of the molecule from the cylinder's surface. Molecules in the immediate vicinity of the cylindrical pillar also exhibit preferential anchoring because of the specific chemical nature of the cylinder's surface. We consider exclusively homeotropic anchoring, that is, an anchoring locally normal to the cylinder's surface
Finally, we note that because of the influence of the confining substrates hydrodynamic flow will not produce a complete flow alignment of the molecules with the flow direction. This is due to the small scale of the MD simulations as compared with the mesoscopic scale of the experiments, where flow alignment is easily achieved. We have confirmed this fact with different simulations using different distances between substrates. For larger separations the molecules increasingly align parallel to the flow direction.
Theoretical Analysis. As a first step towards the theoretically study of cavitation in nematic LCs, we need to simplify the geometry of the problem. We thus consider a spherical environment containing a nematic liquid crystal, separated into three different regions. The first region of interest is the spherical cavitation domain, with radius r c , containing the vapor phase of the LC. Next, we know that the LC molecules align homeotropically to the surface of the vapor-liquid interface. For this, we consider a spherical shell of thickness r d − r c with perfect homeotropic alignment. Finally, the rest of the system is a nematic LC which will be treated in the mean field approximation. See Supplementary Fig. 1 .
